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Resonant Leptogenesis and Verifiable Seesaw from Large Extra Dimensions
Pei-Hong Gu∗
Max-Plank-Institut fu¨r Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany
In the presence of large extra dimensions, the fundamental scale could be as low as a few TeV.
This yields leptogenesis and seesaw at a TeV scale. Phenomenologically two TeV-scale Majorana
fermions with a small mass split can realize a resonant leptogenesis whereas a TeV-scale Higgs triplet
with a small trilinear coupling to the standard model Higgs doublet can give a verifiable seesaw.
We propose an interesting scenario where the small parameters for the resonant leptogenesis and
the type-II seesaw can be simultaneously generated by the propagation of lepton number violation
from distant branes to our world.
PACS numbers: 98.80.Cq, 14.60.Pq, 11.10.Kk, 12.60.Fr
In the theory of large extra dimensions [1], the Planck
scale of the 4-dimensional theory is related to that of the
(4 + n)-dimensional theory by
M2Pl ∼ R
nMn+2∗ , (1)
where M
Pl
≃ 2.4× 1018GeV is the reduced Planck mass
and R is the size of the extra dimensions. Therefore the
fundamental scale M∗ of quantum gravity could be as
low as a few TeV for solving the hierarchy problem be-
tween the electroweak and Planck scales. Clearly, all of
other scales in this theory couldn’t be larger than a few
TeV. This can give interesting implications on neutrino
physics. In this direction, there have been many works
[2–6]. For example, ones [6] find the lepton number vio-
lation in a distant brane can induce a very small trilinear
coupling of the Higgs triplet to the standard model (SM)
Higgs doublet in our world. This naturally makes the
type-II [7] seesaw [8] model accessible at colliders.
The low fundamental scale also constrains leptogen-
esis [9–16] for baryon asymmetry. In the leptogenesis
scenario, the decaying particles should be very heavy for
generating a sizable CP asymmetry unless their masses
are quasi-degenerate, which is simply input by hand or
is induced by radiative correction in some special mod-
els [17], so that the CP asymmetry can be resonantly
enhanced [11, 12]. Remarkably the resonant leptogenesis
allows us to produce the baryon asymmetry below the low
fundamental scale. The author of [14] have studied the
resonant leptogenesis with bulk right-handed neutrinos.
In the present work, we shall introduce two right-handed
neutrinos with equal but opposite lepton numbers and lo-
calize them in our brane. In our model, the lepton num-
ber is maximally broken in the distant branes and then is
shined to our brane by a bulk scalar. Therefore the lep-
ton number violation is highly suppressed in our world,
where the right-handed neutrinos mix together through
a lepton number conserving mass term and both have
Yukawa couplings to the bulk scalar so that they can
naturally have a quasi-degenerate mass spectrum. The
∗Electronic address: peihong.gu@mpi-hd.mpg.de
induced Majorana fermions can accommodate a resonant
leptogenesis by their decays into the SM lepton and Higgs
doublets. Within this context, the small trilinear cou-
pling of the Higgs triplet to the SM Higgs doublet is also
ready for the verifiable type-II seesaw.
In our model, besides two right-handed neutrinosNR
1,2
and the SM fields, there are three scalars: triplet ξ, dou-
blet η and singlet χ. We assign L = 1 for NR
1
and N cR
2
while L = 2 for ξ∗, η and χ. The lepton number conserv-
ing interactions would be
L ⊃ −yα1ψ¯LαφNR1 − yα2ψ¯LαηNR2 −MNN¯
c
R
1
NR
2
−
1
2
h1χ
∗N¯ cR
1
NR
1
−
1
2
h2χN¯
c
R
2
NR
2
− ρχη†φ
−
1
2
fαβψ¯
c
Lα
iτ2ξψL
β
− κ1χφ
T iτ2ξφ− κ2χ
∗ηT iτ2ξη
+H.c. . (2)
where ψL and φ denote the SM lepton and Higgs dou-
blets, respectively. The right-handed neutrinos NR
1,2
,
the triplet ξ, the doublet η and the SM fields are local-
ized in our brane (x, ya = 0) while the singlet χ propa-
gates in the bulk. Here a = 1, ..., n runs over the extra
dimensions. We further introduce a singlet scalar σ with
a lepton number L = 2. This singlet is localized in a dis-
tant brane (x′, ya = ya∗). The transverse distance from
the distant brane to our brane is r = |y∗|.
The singlet χ can interact with our brane through its
couplings to the right-handed neutrinos and the triplet
and doublet scalars as shown in Eq. (2). In the distant
brane, it can also have lepton number conserving inter-
action with the singlet σ [2],
L ⊃
∫
d4x′M2∗σ(x
′, ya∗)χ
∗(x′, ya∗) . (3)
So, the singlet χ can mediate the communication from
the distant brane to ours. In particular, it can carry the
lepton number violation to our world through its shined
value 〈χ〉,
〈χ(x, ya = 0)〉 = 〈σ(x, y = ya∗)〉∆n(r) . (4)
Here the vacuum expectation value (VEV) 〈σ〉 acts as a
point source whereas ∆n(r) is the Yukawa potential in
2the n transverse dimensions [4, 6],
∆n(r) =
1
(2pi)
n
2
(
mχ
M∗
)n−2 (
mχr
)−n−2
2 Kn−2
2
(
mχr
)
.(5)
With the natural choice r = R and 〈σ〉 . M∗, it is easy
to read
〈χ〉 ∼M∗∆n(R) . (6)
We will clarify later a heavy mass mχ is necessary for
a successful leptogenesis. However, the modified Bessel
function Kn−2
2
(
mχr
)
will exponentially suppress 〈χ〉 if
mχ ≫ 1/r. This 〈χ〉 is too small to generate the desired
neutrino masses. Therefore, we consider the brane-lattice
crystallization scenario [18] where the bulk is populated
with large numbers of branes. One finds the lepton num-
ber violation in our brane would be [2]
〈χ〉 ∼ M∗
∫
dnrnbrane∆n(r)
= M∗nbrane
(
mχ
M∗
)n−2
1
mnχ
= M∗
(
M∗
mχ
)2(
M∗
M
Pl
) 4
n
(7)
with the brane density [18]
nbrane ∼M
n
∗
(
M∗
M
Pl
) 4
n
. (8)
By taking the natural assumption mχ . M∗, the VEV
〈χ〉 is power suppressed by the ratio of M∗ over MPl. In
the following we will consider
〈χ〉 ∼ 260 eV for n = 6 ,M∗ = 3TeV and mχ .M∗ .(9)
Due to the VEV 〈χ〉, the masses of the right-handed
neutrinos NR
1,2
would be
L ⊃ −MNN¯
c
R
1
NR
2
−
1
2
m1N¯
c
R
1
NR
1
−
1
2
m2N¯
c
R
2
NR
2
+H.c. (10)
with
m1,2 = h1,2〈χ〉 ≪MN . (11)
We can diagonalize the above mass terms to be
L ⊃ −
1
2
M±X¯
±c
R X
±
R +H.c. (12)
by taking the rotations as below,
NR
1
= cX+R − isX
−
R , (13a)
NR
2
= sX+R + icX
−
R . (13b)
Here we have take the following notations,
c ≡ cosϑ , s ≡ sinϑ for ϑ =
1
2
arctan
2MN
m2 −m1
(14)
and
M+ = 2scMN + c
2m1 + s
2m2 , (15a)
M− = 2scMN − s
2m1 − c
2m2 . (15b)
Without loss of generality we will assume m1 < m2 so
that
M+ > M− > 0 . (16)
Actually, the small and large masses (11), i.e. m1,2 ≪
MN will induce
ϑ ≃ pi
4
, (17a)
M± ≃MN ±
1
2
(m1 +m2)≫M+ −M− . (17b)
It is convenient to define the Majorana fermions
X+ = X+R +X
+c
R , (18a)
X− = X−R +X
−c
R , (18b)
as the mass eigenstates,
L ⊃ −
1
2
M±X¯
±X± . (19)
We further assume the doublet scalar η much heavier
than the Majorana fermions X±, say m2η ≫ M
2
±. In
this case, we can integrate out η and then simplify the
Yukawa couplings given by the first line of Eq. (2) in a
new form,
L ⊃ − (cyα1 − sy
′
α2) ψ¯LαφX
+
−i (syα1 + cy
′
α2) ψ¯LαφX
− +H.c. (20)
with
y′α2 = −yα2
ρ〈χ〉
m2η
. (21)
For M± ≫ M+ − M−, we can follow the standard
method [12] of the resonant leptogenesis 1 to compute
1 The right-handed neutrinos for the type-I seesaw will induce the
vertex loop besides the self-energy loop in their decays. At the
same time, the Higgs triplet for the type-II seesaw, which will be
introduced later, will mediate another vertex correction in the de-
cays of the right-handed neutrinos. The right-handed neutrinos
and the Higgs triplet are at the TeV scale so that the CP asym-
metry constrained by the neutrino masses would be too small
unless we take the resonant enhancement into account. How-
ever, the resonant effect only exists in the self-energy loop. So,
the vertex corrections induced by the Higgs triplet or the right-
handed neutrinos would have no significant contributions to the
leptogenesis.
3the lepton asymmetry from the decays of per X±,
εX± =
Σα
[
Γ(X± → ψLα + φ
∗)− Γ(X± → ψcLα + φ)
]
Σα
[
Γ(X± → ψLα + φ
∗) + Γ(X± → ψcLα + φ)
]
≃
scΣαβ
(
|yα1|
2 − |y′α2|
2
)
4piA
X±
×Im
(
c2y∗β1y
′
β2 − s
2y′∗β2yβ1
) x
x2 + 1
64pi2
A2
X∓
(22)
with
A
X+
= Σα|cyα1 − sy
′
α2|
2 , (23a)
A
X−
= Σα|syα1 + cy
′
α2|
2 , (23b)
x =
M2+−M
2
−
M
+
M−
. (23c)
In the weak washout region, i.e.
ΓX± < H(T )
∣∣∣T≃M± , (24)
the final baryon asymmetry can be approximately given
by [19]
nB
s
=
28
79
nB − nL
s
= −
28
79
nL
s
≃ −
28
79
εX±
neq
X±
s
∣∣∣∣∣
T≃M±
≃ −
1
O(10)
ε
X±
g∗
. (25)
Here Γ
X±
is the decay width
ΓX± =
1
8pi
AX±M± , (26)
whereas H(T ) is the Hubble constant
H(T ) =
(
pi2g∗
90
) 1
2 T 2
M
Pl
(27)
with g∗ ≃ 106.75 being the relativistic degrees of free-
dom.
We should keep in mind that the right-handed neu-
trinos NR
1,2
, or equivalently the Majorana fermions X±
have Yukawa couplings with the bulk scalar χ. The in-
duced annihilations of X± should go out of equilibrium.
This can be achieved if X± is much lighter than the
bulk scalar χ and the triplet scalar ξ. Actually, a fac-
tor mχ/M± ∼ 3 − 10 is enough for the decoupling of
the t-channel processes N cR
1,2
NR
1,2
→ χ∗χ which is fast
Boltzmann suppressed at temperatures below the mass
mχ. In addition, the annihilations of NR
1,2
to the SM
Higgs doublet φ (through the s-channel exchange of χ) is
highly suppressed by the shined value 〈χ〉. Furthermore,
the coupling of χ to ξ and φ will also lead to annihi-
lations of NR
1,2
. Such processes can be suppressed if ξ
is much heavier than X±, say mξ/M± ∼ 3 − 10. As
for the lepton number violating processes mediated by
ξ, they will not wash out the produced lepton asymme-
try due to the small 〈χ〉. As a result of the symmetry
breaking of the global lepton number, there would be a
massless Goldstone — majoron [20], which is composed
of the imaginary parts of the triplet ξ and the doublet η
in our brane, the singlet χ in the bulk and the singlets
σ in the distant branes. Because ξ, η and χ with small
VEVs only contribute a tiny fraction, this majoron is
harmless [21], in particular, it will not significantly affect
the annihilation of NR
1,2
[22].
We now give a numerical estimation. With the input
(9), we can obtain
M± ≃ 600GeV and x = O(10
−12) (28)
by inserting
MN = 600GeV and h1,2 ∼ O(10
−3) (29)
to Eqs. (11), (14), (15) and (23c). We further consider
ρ = mη .M∗ (30)
in Eq. (21) and then get
y′α2 ∼ O(10
−10) for yα2 ∼ O(1) . (31)
We also take
|yα1| = O(10
−7) and sin
yα1
|yα1|
= O(0.1) . (32)
With the parameter choice (28), (31) and (32), it is easy
to derive the CP asymmetry
ε± = O(10
−7) (33)
and hence the baryon asymmetry
nB
s
= O(10−10) . (34)
The left-handed neutrinos can obtain a Majorana mass
matrix with two nonzero eigenvalues from the two right-
handed neutrinos NR
1,2
as a result of inverse [23, 24]
seesaw. However, these masses are too tiny to explain the
observed neutrino oscillations because of the smallness
of the Yukawa couplings yα1 and y
′
α2. Alternatively, our
model accommodates the type-II seesaw,
L ⊃ −
1
2
fαβψ¯
c
Lα
iτ2ξψL
β
− µφT iτ2ξφ+H.c. . (35)
Here the trilinear coupling µ of the Higgs triplet ξ to the
SM Higgs doublet φ is given by the shined value of the
bulk field χ,
µ =
(
κ1 + κ2
ρ2〈χ〉2
m4η
)
〈χ〉 . (36)
4With the previous parameter choice for the leptogenesis,
the neutrino masses would be
(mν)αβ = fαβ〈ξ〉 ≃ −fαβ
µ〈φ〉2
m2ξ
≃ −fαβκ1M∗
〈φ〉2
m2ξ
(
M∗
mχ
)2(
M∗
M
Pl
) 4
n
= −fαβ ×
κ1
0.1
×
(
M∗
mξ
)2
× 0.086 eV . (37)
For a natural choice
mξ .M∗ , (38)
the Yukawa couplings fαβ of the Higgs triplet ξ to the
left-handed lepton doublets ψL
αβ
should be sizable to
give the expected neutrino masses.
Since the Higgs triplet ξ with the mass mξ . M∗ is
kinematically accessible at the LHC and at future col-
liders whereas its sizable Yukawa couplings fαβ to the
SM lepton doublets ψL
α,β
determine the texture of the
neutrino mass matrix, the neutrino masses can be veri-
fied [25, 26] by the decays of ξ±± into the charged lep-
tons l±Lα l
±
L
β
. At the same time, the doublet η with the
mass mη . M∗ has a Yukawa coupling yα2 ∼ O(1)
to the SM lepton doublet ψLα and the right-handed
neutrino NR
2
. Through the detection on the decays
η− → l−LαN
c
R
2
and η+ → l+LαNR2 and/or on the anni-
hilations l+Lα l
−
L
β
→ N cR
2
NR
2
, the right-handed neutrino
NR
2
and then the Majorana fermions X± could be found
as a missing energy.
In summary, the theory with the large extra dimen-
sions implies a low fundamental scale of the order of TeV.
In this scenario the resonant leptogenesis becomes attrac-
tive as it can generate the baryon asymmetry at a TeV
scale. The resonant leptogenesis requires a tiny mass
difference between the decaying particles. The low fun-
damental scale also constrains the Higgs triplet for the
type-II seesaw at the TeV scale. The neutrino masses
can be verified in presence of a very small trilinear cou-
pling between the triplet and doublet Higgs scalars. We
show the small parameters for the resonant leptogenesis
and the verifiable type-II seesaw can be simultaneously
achieved by the shined lepton number violation from the
distant branes to our world. In our model, it is possible to
detect the existence of the decaying Majorana fermions
for the resonant leptogenesis, besides the neutrino masses
from the type-II seesaw with the Higgs triplet.
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